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ABSTRACT: According to the measured and statistical data, this paper outlined the natural conditions, the 
characteristics of hydrodynamic, sediment, geomorphic and geological conditions near the lagoon of Dongshuigang, 
Chengmai County, Hainan. It also analyzed the formation processes of sand barrier, sand spit, lagoon system and the 
seabed revolution. The analysis results show that the terrain erosion and disposition at the entrance and near the 
sandbank on the east of Dongshuigang is of great changes and the erosion and siltation rate in the lagoon is small. The 
sand from the river basin and human activities are the main causes for deposition in the lagoon. The tidal current 
numerical model for partial Chengmai Bay is verified based on the measured data and the project scheme is researched 
with this model. The research shows that the reclamation project inside the lagoon slightly reduces the tidal prism of 
lagoon; the flow velocity near the project decreases somewhat after reclamation outside the entrance, entrance 
expansion and excavation of the waterway. The influences of Scheme I, Scheme II and Scheme III on tidal prism of 
lagoon are equally small and the reclamation project serves as a sand dike, playing a role in maintaining the stability of 
the channel at the entrance of Dongshuigang.  
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INTRODUTION 
The Chengmai County is located in the north Hainan 
Island (see figure 1), with Qiongzhou Strait on the north, 
facing Leizhou Peninsula across the sea, bordering on 
Haikou City, the provincial capital. The county is 
56.25km wide in the EW direction and 70km long in the 
south-north direction, covering an area of 2068km2 and 
with a coastline of 89.8km long (including internal bay 
lines).  
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Fig. 1 Project location 
 
The inland sea of Yingbin Peninsula of Chengmai 
County is a lagoon, with a narrow entrance to the sea, 
wide water area in the bay, more beaches and shallow 
water. The Yingbin Peninsula is a crescent-shaped 
peninsula comprising sandbanks, in which the coast of 
open seas is of clear water and fine sand, the island is of 
flat terrain and broad vision as well as unique natural 
landscape of tropical coast.  
 
NATURAL CONDITIONS 
 
Wind 
The Hainan Island is located in the tropical monsoon 
region, in which NE wind prevails in winter mainly with 
a northerly to easterly wind. When the severe cold air 
moves towards the south, the coastal wind can be up to 
level 7- 8 and the average wind is also above level 5. In 
Dongshuigang area, S-SE wind prevails in summer and 
NNE-ENE wind prevails in winter. March-April and 
September-October are the wind direction conversion 
period. According to the data of Macun in the adjacent 
seas, the frequency of occurrence of NNE-ENE wind is 
28.6% and that of ESE-SSE wind is 34.8%. 
 
Runoff 
The main river in the lagoon is the Chengmai River, 
which is of small runoff before construction of sluice, 
only about 1/30 of the tidal prism of spring tide at 
Beibu 
Bay 
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ordinary times. The Chengmai River is of less drainage 
at ordinary times and of drainage in case of rainstorm 
after construction of sluice. As the lagoon is of low-lying 
terrain, collected rainwater and large runoff volume in 
case of rainstorm, there is 1-2 times of water drainage 
each year with 1-3 days for each time. 
 
Tide and Tidal current 
The tidal property of eastern and western entrance in 
the Qiongzhou Strait differs obviously. The tide at the 
eastern entrance is the irregular semi-diurnal tide, but 
that from the west to Haikou Bay is the irregular diurnal 
tide and that to the Houshui Bay at the western entrance 
of the Strait is the typical regular diurnal tide. The tidal 
range increases gradually from the east to the west along 
the coast. The mean tidal range in the south bank of the 
Strait is 0.83m at Hainan Cape (Mulantou), 1.21m at 
Xiuying Port, 1.5m at Macun Port and up to 1.89m at 
Houshui Bay.  
According to the observation data of the 9 measuring 
points (L1-L9) set up in October 2008 and 4 measuring 
points (T1-T4) set up in May 2010, the characteristics of 
tidal current along the Chengmai Bay and the lagoon of 
Dongshuigang are analyzed.  
The tide along the coast of Chengmai Bay is 
characterized by reversing current in ENE-WSW 
direction and that in the lagoon of Dongshuigang is 
characterized by reversing current in E-W direction. 
It can be seen from the data of two observations that 
the maximum velocity of flood tide toward east along 
the Chengmai Bay is 0.44m/s～0.83m/s and the one 
toward west is 0.18m/s～ 0.69m/s; the ebb current 
toward east is 0.20m/s～0.80m/s and the one toward 
west is 0.24m/s～0.67m/s. The velocity increases with 
the water depth increase and the velocity of flood current 
is larger than that of ebb current.  
The velocity inside the lagoon of Dongshuigang 
decreases from the entrance to the inside and that of ebb 
current is larger than that of flood current, in which the 
maximum velocity of flood current at L5 near the 
entrance is 0.80m/s and the flood current in the sea is 
flood current to west at the same time. The maximum 
velocity of ebb current occurs in L4 and is 0.96m/s and 
the flood current in the sea isebb current toward west.   
In conclusion, the velocity inside the Chengmai Bay 
is lower than that outside the Bay. The velocity inside 
the lagoon is restrained by the coastlines and the current 
is reciprocate in east-west direction. The velocity near 
the entrance of Dongshuigang is influenced obviously by 
the sandbank and the inflow and outflow of lagoon. 
 
 
 
Residual current 
From the measured data, the residual current at L1-4 
inside the lagoon of Dongshuigang directs to outside of 
the Bay with a velocity of 0.06m/s～0.17m/s; that at L5 
to inside of the Bay with a velocity of about 0.06m/s; 
that at L7 and L9 along the Chengmai Bay directs to SW 
with a velocity of 0.02m/s～0.17m/s; and that at L6 and 
L8 directs to northerly direction due to the influence of 
inflow and outflow in the lagoon of Dongshuigang. 
 
Wave 
According to the statistics of wave data of 
Baishamen Wave Station at the east side of Haikou Bay, 
the wave is mainly wind wave with a frequency of 
occurrence of 86%, but less frequency of occurrence of 
surge, only accounting for 14%; the normal wave 
direction is NE with a frequency of 23%. The wave 
direction in spring, autumn and winter is mainly NE and 
NNE with a frequency of 38%, 46% and 74% 
respectively and that in summer in mainly S and NE with 
a frequency of 10%; the wave height is mainly that of 
Level 3 sea wave accounting for 52%. The H1/10 wave 
height with a wave direction of NNE is 2.0m and the 
H1/10 wave height with a wave direction of N is 3.0m.  
It can be seen from the wave data that the wave 
influencing the area of Chengmai Bay is mainly N-ENE 
and the wave directions are consistent with the wind 
directions. As the wave formed by tropical cyclone and 
strong northward wind is of great influence on the coast, 
the sediment movement and coastal evolution are 
controlled by the NE normal wave and strong wave.  
Due to the shielding function of Yingbin Peninsula to 
the lagoon of Dongshuigang, the wave in the sea can 
hardly spread into the lagoon. The normal wave 
direction inside Chengmai Bay is ENE and NE with a 
small frequency of occurrence of westward wave and 
average wave height of 0.7m.  
 
Characteristics of Sediment 
Sediment Concentration: The sediment concentration 
along the coast is very low in the condition of calm sea. 
According to the measured data, the average sediment 
concentration of the east current is 0.05~0.08kg/ m3 
during spring tide and that of west current is 0.03～
0.06kg/m3. The measured maximum sediment 
concentration at Dongshuigang entrance is 0.16kg/m3 
with non-synchronous emerging time against the 
maximum velocity. The maximum sediment 
concentration of flood tide is 0.11kg/m3. There is a little 
influence on the sediment transport and evolution of 
beach and shoal by tidal current. The major dynamic 
factor here is wave action.  
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Distribution of Sediment: In accordance with the 
sample analysis of overlying sediment deposition at the 
area of Chengmai Gulf, all the Dongshuigang entrance is 
distributed with coarse sand as well as the area 2 km to 
the east and 1.2 km to the west of entrance. The 
sediment deposition which mainly includes silty sand, 
medium-coarse sand and clayey silt becomes finer 
gradually to the lagoon. Except the coarse sand and 
gravel sand on both sides, the shore outside sandbank is 
generally distributed with the relatively fine silty sand 
and clayey silt or sandy silt and sandy clay. The average 
grain size is from 0.17 to 0.9mm. The average grain size 
in Dongshuigang shore is from0.17 to 0.9mm. The 
annual sediment transport quantity along Dongshuigang 
coast to the west is 201.8~312 thousand m3. 
Sediment Source: Analyzed from the dynamic 
environment and sediment characteristics of Chengmai 
Gulf, the major source of the sediment moving near 
Dongshuigang comes from the following six aspects:  
1) The sediment of modern beach and sandbank, 
mainly from the erosion of northeast coast; these 
sediments are deposited near Dongshuigang entrance 
after being carried from coast mainly by the wave action. 
2) Part of the sediment of the sand spit near -5 m to 
the east of the sandbank comes from the eastward 
transport of sandbank and part of that comes from the 
further west, mainly transported by strait tidal current. 
3) The sediment on the offshore area to the west of 
sandbank mainly comes from the erosion of western 
basalt tableland. 
4) The sediment source outside the entrance with 
water depth from 7 to 20 m is comparatively 
complicated which either may come from the sediment 
diffusion of shallow water and deep water or sediment 
transport of west and east, mainly carried by tidal current. 
5) The residual sediment zone outside the water 
depth 20m is also an important source of coastal 
sediment whose major dynamic is tidal current. 
6) The sediment inside the lagoon mainly comes 
from the river basin, beach collapse and wind blowing 
sand. 
 
ANALYSIS OF SEABED EVOLUTION 
 
Sand spit evolution 
The arc-shaped sand spit stretching from the east of 
Dongshuigang to its west had been formed about 
3000~6000 years ago. Under the wave action, the sand 
spit coastline is adjusted continuously namely that the 
northeast section is eroded whose eroded sediment is 
carried to the west along with the advantaged sediment-
transport direction of wave, representing ceaseless 
westward stretching of spit sand. Influenced by coastal 
sand-transport from east to west, the spit sand stretches 
from the vicinity of Qingshan Mountain to west 3000 
years ago. The spit sand westwards stretches around 
600m during 1935~1959 and 200m more during 
1959~1993. The spit sand eroded around 100m during 
1993~2004, and approximately 70m during 2004~2010. 
The beach at the east of spit sand also adjusted with 
sediment transport which moved 400~500m towards the 
sea from 3000 ago to 1935 but moved 100m back in 
1935~1959 and 50m forward in 1959~1993 but around 
100 back in 1993~2004 till being stabilizing after 2004. 
The coastline near Yingbin village basically is erosion-
siltation balance section. Dongshuigang entrance moves 
outward along with the changes of spit sand whose the 
width of the entrance is around 110m in 1993 but now 
approximately 100m (Wang, 2006). 
 
Lagoon Evolution 
Under natural state, Dongshuigang lagoon silted up 
gradually represents with reduction of tidal area and 
water depth. The main reason is the sediment deposition 
from the river basin. For recent decades, the economic 
activities, especially creating land by lake reclamation 
and development of agriculture, aquaculture industry, 
tourism, realty business, etc. sharply decrease the tidal 
prism area of the lagoon. Figure 4.1 is the area changing 
situation of Dongshuigang lagoon in recent 70 years 
(Zhu 2002). 
 
Table 1 Tidal prism area change of Dongshuigang 
Lagoon   Unit: km2 
Time 1935 1959 1986 1993 2004 2010 
Tidal 
prism 
area  
7.7 6.6 5.0 3.70 3.67 3.2 
 
Coast erosion-siltation 
The maximum pushing distance from 0m isopleths to 
shore is around 800m within the limits of 3km from 
Dongshuigang entrance and its east from 2004 to 2011 
and that in partial area of -2m isopleths is around 400m, 
indicating that there is slight erosion on beach. The 
smaller change of -5m isoline describes that seabed 
outside -5m isoline is stable basically (Gao, 2008). 
According to the measured topographical data in 
May 2010 and May 2011, select 8 sections (Figure 2, 
consisting of 3 sections at the beach outside Yingbin 
Peninsula and 5 sections inside the lagoon) to analyze 
the topographical changes for that year. Section 1 is 
around 3km away from Dongshuigang entrance and the 
distance among section 1~3 is about 1.4km. Comparing 
to the section topography of the open sea of Yingbin 
Peninsula, we can see that the topography of section 1 
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and section 2 suffers a smaller change in erosion-
siltation within one year with the erosion-siltation 
thickness around 0.5m, basically in balance; section 3 
located near the sandbank of east Dongshuigang 
entrance represents as erosion within the range of -
0.5m~-1.5m with erosion depth around 1m but 
represents as siltation on the beach within 0m with the 
siltation thickness of 0.5m. Comparing to topographic 
profile of the 5 selected sections inwards Dongshuigang 
lagoon entrance, it is known that Dongshuigang entrance 
suffers a larger siltation with maximum siltation 
thickness around 2.5m within a year but the width of 0m 
line becomes from 100m in 2010 to 65m in 2010; The 
erosion-siltation range is smaller inside lagoon but there 
is some siltation on the south beach. 
In general, open sea of Yingbin Peninsula suffers a 
big topographical change near the Dongshuigang 
entrance and the sand dike of that with relatively small 
erosion-siltation extent inside lagoon. 
 
 
Fig. 2 Sectional drawing 
 
2D TIDAL CURRENT MATHEMATICAL MODEL 
The paper adopts the finite volume method to 
discrete Saint-Venant equations. 
 
Model Scope and Parameter Selection 
Two mathematical, big model and small model, are 
established. The big model provides the small model 
with boundary conditions. The calculation range of the 
big model: it is about 40 km from east to west, including 
south bank and north bank of Qiongzhou strait. The 
calculation range of the small model: it is the same with 
the range of the big model from east to west, north near 
to 50m isobath in the open seas. The model adopts the 
data measured in 2010 and nautical chart data. The 
model adopts a mesh mixing a triangle and a quadrangle, 
wherein the mesh number of the big model is 5472, and 
the mesh size is 200~1000 m; the mesh number of the 
small model is 12887, and the mesh size is 10~150 m, 
performing mesh refinement in the construction area.  
Roughness is0.015+0.01/H, H is water depth. 
Roughness is modifying according to water depth. Time 
step of the small model is 0.1s; turbulent viscosity 
coefficient is 5. When treating the moving boundary, the 
freezing method shall be adopted; the controlling water 
depth of the moving boundary is 3 cm. 
 
Calculation of Definite Condition 
The open boundary of the big and small models 
adopts the tide level boundary control, wherein the 
boundary of the big model is confirmed by the data 
interpolation of tide level stations near the boundary; the 
boundary of the small model is provided by the big 
model. 
The initial condition is that the tide level takes the 
average value of east and west boundary tide level; the 
initial velocity is 0; after the model is calculated in a 
certain time, the initial error can be eliminated. 
 
Model Verification 
Verification Data: The data of the spring and 
moderate tide levels, velocity and direction measured in 
October 2008 are adopted. The tide level station is 
Macun Harbor and Haikou; there are 9 measure points of 
velocity. The measure time of the spring tide is on 
October 7 to 8, 2008; the measure time of the moderate 
tide is on October 17 to 18. 
Result of Model Verification: The calculation of the 
spring tide level, velocity and direction, moderate tide 
level, velocity and direction properly coincide with the 
measured values. The flow pattern of flood and ebb of 
the spring tide are in east-west direction. 
According to the results of model verification, the 
tide dynamic characteristics of the project area are 
simulated and the model can meet the requirements for 
engineering test calculation. 
 
CALCULATION OF PROJECT SCHEME 
 
Brief Introduction of Project Scheme 
The Project of Sea Competitive Sports Creative Park 
of Fantasy Island includes reclamation of inland sea and 
channel entrance. 
At present, the first-stage project of reclamation land 
inside lagoon has started; the area of land reclamation is 
about 26 ha. 
Because the sand spit and water depth of 
Dongshuigang entrance are still in change state, a 
artificial island is planned to construct at the outside the 
entrance to intercept coastal sediment transport and 
avoid its influencing on the entrance; and to combine 
excavation and  dredging to reach the purpose on 
training the lagoon entrance. Three schemes proposed by 
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the designing institute about the entrance training and 
artificial island construction in the open seas. Scheme 1: 
the area of land reclamation is about 25ha (the length to 
the sea is about 760m, the widest is about 370m); 
Scheme 2: the area of land reclamation is about 24.6 ha 
(the length to the sea is 870m, the widest is 420m); on 
the basis of Scheme 1 and Scheme 2, slightly adjust the 
embankment line, forming Scheme 3 of which the area is 
about 26.6 ha (the length to the sea is 870m, the widest is 
420m), thus forming a “sail-type” artificial island. The 
bed of channel from the sea to the lagoon will be 
dredged to -3m elevation. The bed from the edge of the 
channel outside the entrance to the reclamation 
embankment is dredged to -2m elevation. The width of 
the entrance is widen to 50m. The layout schematic 
diagrams can see Figures 3. 
 
 
Fig. 3 Layout Schematic Diagram of Scheme 1 
 
Influence on Tide Level after Project Construction 
In order to analyze the influence on the tide level 
after project construction, arrange 2 sampling points, Z1 
and Z2, inside and outside the Dongshuigang lagoon. 
Seeing from the calculation, after the project 
construction, the tide level almost has no changes 
outside the Dongshuigang entrance; after the first-stage 
project is constructed inside the lagoon, the low tide 
level has slight increase but the high tide level almost 
has no changes; after the entrance project schemes are 
carried out, both the high and low tide levels at the 
outside sampling point have no changes and the high and 
low tide levels at the inside sampling point have slight 
increase; the high and low tide levels of Scheme 1, 
Scheme 2 and Scheme 3 all raises 1 cm, which indicates 
that the project has a small influence on the tide level. 
 
Impact on Surrounding Flow after Project Built 
In order to analyzing the influence on the 
surrounding flow after the project construction, arrange 
34 sampling points inside and outside the lagoon, 
wherein, arrange 6 sampling points from the entrance to 
the inside lagoon; arrange 9 sampling points in the east 
of the reclamation districts outside the entrance of 
Dongshuigang; arrange 13 sampling points in the west; 
arrange 6 sampling points in the north of the reclamation 
districts.     
Seeing from the statistics for velocity inside the 
lagoon, after the first-stage project is carried out, the 
change range of maximum flood velocity in the lagoon is 
more than that of ebb velocity, wherein due to the 
excavation width of entrance channel is slightly wider, 
the reduction range of velocity of V5 point is larger, in 
the range of 15 cm/s; the velocity of V6 point almost has 
no changes; the change range of the average velocity is 
all small except for the V5 point, about in the range of 1 
cm/s. After the Dongshuigang entrance project is carried 
out, the three schemes have the same influence on the 
velocity in the lagoon, wherein because V2 and V3 
points are influenced by entrance evacuation and flow 
gathering, the velocity increases in which the maximum 
flood velocity increases 17cm/s to the maximum, the 
maximum ebb velocity increases 4cm/s to the maximum, 
and the average velocity increases 6cm/s or so; the 
velocity of V1, V4 and V5 points slightly decreases; 
because the V1 point is influenced by channel 
evacuation and broadening and the reclamation project, 
the decreasing range of its velocity is larger, in which the 
maximum flood velocity decreases 27cm/s, the 
maximum ebb velocity and the average velocity decrease 
9cm/s or so; the deceasing range of V4 point is smaller, 
in the range of 1cm/s or so; the velocity of V5 point 
decreases 13cm/s or so to the maximum; the velocity of 
V6 point almost has no changes.   
Seeing from the influence of Scheme 1, Scheme 2 
and Scheme 3 on the velocity inside the Lagoon, in 
general, after the project construction, the velocity 
deceases slightly; Scheme 1, Scheme 2 and Scheme 3 
have the same influence on the velocity. 
After the first-stage reclamation project is carried out, 
the velocity and flow direction of the east and north 
sampling points outside the entrance almost have no 
changes; influenced by the channel excavation, the 
velocity of part of sampling points at the exit of 
Dongshuigang decreases slightly; the velocity of part of 
sampling points increases slightly, wherein the largest 
velocity decreases about 25cm/s to the maximum; the 
average velocity decreases about 8cm/s to the maximum; 
the largest velocity increases about 11cm/s to the 
maximum; the average velocity increases about 2cm/s to 
the maximum; the flow direction at the largest velocity 
time has a slight deflection, about 10 degrees of 
deflection angle. 
After the Dongshuigang entrance project are carried 
out, the velocity of the east sampling points of 
reclamation project outside the entrance all decreases, 
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wherein, after Scheme 1 is carried out, the largest 
velocity decreases 47cm/s to the maximum and the 
average velocity decreases 23cm/s to the maximum; 
after Scheme 2 is carried out, the largest velocity 
decreases 35cm/s to the maximum and the average 
velocity decreases 15cm/s to the maximum; after 
Scheme 3 is carried out, the largest velocity decreases 
43cm/s to the maximum and the average velocity 
decreases 21cm/s to the maximum; what’s more the flow 
direction of the largest velocity also changes, changing 
from the original flood tide east-direction flow to the 
west-direction flow. 
As for the sampling points in the north of the project 
districts, after Scheme 1 is carried out, the largest 
velocity in the sampling points decreases about 27cm/s 
to the maximum and the average velocity decreases 
about 13cm/s to the maximum; after Scheme 2 is carried 
out, the largest velocity decreases about 33cm/s to the 
maximum and the average velocity decreases about 
9cm/s to the maximum; after Scheme 3 is carried out, the 
largest velocity decreases about 48cm/s to the maximum 
and the average velocity decreases about 21cm/s to the 
maximum; the flow direction at the  largest velocity time 
has a deflection but it is still the flood tide east-direction 
flow, and the maximum value of deflection angle is 
about 24 degrees; in general, the project has a small 
influence on the north, the closer the sampling points are 
away from the project, the more it shall be influenced, 
which indicates that the velocity decreases slightly, the 
flow direction slightly deflects.  
As for the sampling points in the west of reclamation 
districts, after Scheme 1 is carried out, the largest 
velocity decreases about 60.7cm/s to the maximum and 
the average velocity decreases about 15cm/s to the 
maximum; after Scheme 2 is carried out, the largest 
velocity decreases about 66.4cm/s to the maximum and 
the average velocity decreases about 13cm/s to the 
maximum; after Scheme is carried out, the largest 
velocity decreases about 57.1cm/s to the maximum and 
the average velocity decreases about 12cm/s to the 
maximum; the flow direction at the largest velocity time 
has a deflection. The influence of entrance project on the 
west generally indicates that the velocity decreases.  
Seeing from the situations of velocity and flow 
direction at the velocity sampling points outside 
Dongshuigang entrance, after the first-stage project is 
carried out, the velocity outside Dongshuigang entrance 
is influenced slightly; after the Dongshuigang entrance 
project is carried out, the velocity outside Dongshuigang 
entrance decreases slightly, the flow direction has slight 
deflection, for the three schemes, the influence of 
Scheme 3 is smaller than Scheme 1 and Scheme 2. 
 
Impact on the tidal prism of the lagoon after the 
project 
The impact on the tidal prism of Dongshuigang 
lagoon from project is analyzed by the statistical change 
of tidal amount in section of Dongshuigang 
entrance(Table 2). The tidal prism of Dongshuigang 
lagoon decreases slightly of 5.3% after first stage 
reclamation project; due to widening the Dongshuigang 
entrance and deepening the water depth, the tidal prism 
of lagoon increases slightly after implementing the 
Scheme I, Scheme II and Scheme III, compared with that 
before the three schemes, the tidal prism of lagoon 
decreases 4.8% and 5.2% respectively after 
implementing Scheme I, Scheme II and Scheme III; 
Compared with the first stage of reclamtion, the tidal 
prism of lagoon increases 0.05%, 0.04% and 0.01% 
respectively. 
 
Table 2  The Tidal Prism of Dongshuigang (unit: 106m3)  
Before 
project 
First stage 
Reclamation  
Scheme 
I  
Scheme 
II   
Scheme 
III  
7.104 6.724 6.760 6.751 6.733 
 
SUGGESTIONS 
Through the analysis on the natural condition of sea 
area nearby Dongshuigang, hydrology and topography 
information, and adopting tidal current mathematical 
model to study Dongshuigang entrance training and 
reclamation schemes, this paper gets the following 
suggestions:  
 (1) To avoid the further depositing of Dongshuigang 
lagoon, it is required to decrease the sediment in the 
upstream of inland sea and discharge of pollutant, as 
well as stregthen the monitoring works of topography 
and hydrology. 
 (2) Due to the longshore sediment transport outside 
the Dongshuigang entrance is mainly affected by wave 
action, the reclamation work outside Dongshuigang 
entrance will make the change of wave and sediment 
transport, so the observation of wave field and research 
about sediment transport under the wave actions shall be 
done in next stage. 
 
REFERENCES 
Wang Baocan, Chen Shenliang et al., Formation and 
Evolution of Harbor Coast of Hainan Island, 
Maritime Press, 2006. (in Chinese) 
Zhu Dakui, Harbor Evolution and Engineering 
Construction of Hainan Island, Marine Geology 
Letters, 2002.  (in Chinese) 
Gao Shu, Research Overview on Dynamic Process of 
Tidal Inlet Form, Advance in Earth Sciences, 2008. 
(in Chinese) 
